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Sea ice fragmentation and its role in the evolution of the Arctic sea
ice cover. 
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The Arctic sea ice cover is not a continuous expanse of ice but is instead composed of individual
sea ice floes. These floes can range in size from just a few metres to tens of kilometres. Floe size
can influence a variety of processes, including lateral melt rates, momentum transfer within the
sea ice-ocean-atmosphere system, surface moisture flux, and sea ice rheology. Sea ice models
have traditionally defined floe size using a single parameter, if floe size is explicitly treated at all.
There have been several recent efforts to incorporate models of the Floe Size Distribution (FSD)
into sea ice models in order to explore both how the shape of the FSD emerges and evolves and
its impact on the sea ice cover, including the seasonal retreat. Existing models have generally
focused on ocean surface wave-floe interactions and thermodynamic melting and growth
processes. However, in-situ observations have indicated the presence of mechanisms other than
wave fracture involved in the fragmentation of floes, including brittle failure and melt-induced
break up.
In this study we consider two alternative FSD models within the CICE sea ice model: the first
assumes the FSD follows a power law with a fixed exponent, with parameterisations of individual
processes characterised using a variable FSD tracer; the second uses a prognostic approach, with
the shape of the FSD an emergent characteristic of the model rather than imposed. We firstly use
case studies to understand how similarities and differences in the impacts of the two FSD models
on the sea ice emerge, including the different spatial and temporal variability of these impacts. We
also consider whether the inclusion of FSD processes in sea ice models can enhance seasonal
predictability. We will also demonstrate the need to include in-plane brittle fracture processes in
FSD models and discuss the requirements needed within any parameterisation of the brittle
failure mechanism.
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